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/ )I \, EVALUATION OF AN ACID HYDRaYZED WOOD BY-PRODUCT 
AS AN ENERGY AND PROTEIN SOURCE IN DIETS 
R. H. P r i t c h a r d  and A. N'Daiye 
\ 
Department of Animal and Range Sciences 
' BEEF REPORT , C A ~ E  86-4 
An a c i d  hydrolyzed wood pulp (AHWP) product  t h a t  had been bu f f e r ed  w i t h  
NH4OH was eva lua t ed  a s  a  p o t e n t i a l  f e e d s t u f f  f o r  ruminant d i e t s .  The f i n e l y  
ground low dry m a t t e r  (33%) m a t e r i a l  was eva lua ted  f o r  a c c e p t a b i l i t y .  
d i g e s t i b i l i t y  and p r o t e i n  feed ing  va lue .  I n  v i t r o  fe rmenta t ion  i n d i c a t e d  t h a t  
fermentable  dry  m a t t e r  was extremely low. 35.1%. D ie t s  were no t  r e a d i l y  consumed 
by c a t t l e  i f  they  conta ined  )60% AHWP. I n  v i v o  dry m a t t e r  d i g e s t i b i l i t y  (DMD) 
c o e f f i c i e n t s  where AHWP rep laced  corn  a s  0, 15,  30 o r  45% of t h e  d i e t  were 76.5, 
69.3, 65.6 and 78.5%, r e spec t ive ly .  A s i m i l a r  response was no ted  f o r  crude 
p r o t e i n  and a c i d  de t e rgen t  f i b e r  disappearance and i n d i c a t e d  t h a t  nega t ive  
a s s o c i a t i v e  e f f e c t s  due t o  f0rage :concent ra te  r a t i o s  may have e x i s t e d .  Nitrogen 
ba lance  d a t a  i n d i c a t e d  t h a t  t h e  16% crude p r o t e i n  AHWP c o n t r i b u t e d  no u s e f u l  
d i e t a r y  n i t rogen .  
(Key Words: Acid Hydrolyzed Wood Pulp, Dry Mat te r  D i g e s t i b i l i t y ,  D ie t a ry  
Nitrogen. ) 
In t roduc t ion  
Some beef producing reg ions  do no t  have ample f eed  g r a i n  s u p p l i e s  b u t  do 
have lumber i n d u s t r i e s  where excess  sawdust i s  a v a i l a b l e  t o  i nc lude  i n  ruminant 
d i e t s .  This  sawdust has a  proximate feed  va lue  s i m i l a r  t o  wheat s t raw.  
Process ing  methods a r e  be ing  developed t o  improve t h e  feed  va lue  of t h i s  
ma te r i a l .  We were i n t e r e s t e d  i n  t h e  oppor tun i ty  t o  e v a l u a t e  one of  t h e s e  
processed products  s i n c e  s i m i l a r  technology may be  u s e f u l  i n  i n c r e a s i n g  our  
u t i l i z a t i o n  of c e r e a l  g r a i n  r e s idues  i n  South Dakota. 
The experimental  product  had been t r e a t e d  w i t h  s u l f u r i c  a c i d  a s  p a r t  of t h e  
hyd ro lys i s  procedure done i n  ano the r  l abo ra to ry .  On our  reques t ,  ammonium 
hydroxide was incorpora ted  i n t o  t h e  m a t e r i a l  t o  s imultaneously r a i s e  t h e  pH and 
crude p r o t e i n  conten t  f o r  feed ing  ( t a b l e  1 ) .  Our o b j e c t i v e s  were t o  f i n d  a  
s u i t a b l e  method f o r  i nco rpo ra t i ng  t h i s  m a t e r i a l  i n t o  d i e t s  and t o  determine i t s  
p a l a t a b i l i t y  and r e l a t i v e  energy and p r o t e i n  feed ing  va lues  f o r  ruminants. 
Ma te r i a l s  and Methods 
Experiment I. I n  v i t r o  fermentable  dry  m a t t e r  was eva lua ted  by fermenting 
750 mg samples when AHWP rep laced  0, 20, 40, 60, 80 o r  100% of t h e  ground corn  
s u b s t r a t e .  Forty-eight  hour i ncuba t ions  were done i n  a  medium of t h r e e  p a r t s  
b u f f e r  ( T i l l e y  and Ter ry ,  1963) and two p a r t s  rumen f l u i d .  Rumen con ten t s  were 
ob ta ined  v i a  a  permanent ruminal f i s t u l a  i n  a  s t e e r  f ed  a l f a l f a  hay. Contents 
were squeezed by hand and t h e  l i q u o r  was saved. 
The l i q u o r  was t h e n  blended f o r  45 seconds  and s t r a i n e d  th rough  f o u r  l a y e r s  
of c h e e s e c l o t h  b e f o r e  add ing  i t  t o  t h e  i n  v i t r o  system. At t h e  end of t h e  
48-hour f e r m e n t a t i o n .  samples were  immediately c e n t r i f u g e d  f o r  20 minutes  a t  
3000 x g  and t h e  s u p e r n a t a n t  w a s  removed. The remaining p e l l e t  w a s  d r i e d  a t  650 
C f o r  36 hours  and w a s  presumed t o  b e  nonfermentable  d r y  m a t t e r .  I n  v i t r o  
f e r m e n t a b l e  d r y  m a t t e r  c o n t e n t  o f  e a c h  sample was r e g r e s s e d  a g a i n s t  i t s  AHWP 
c o n t e n t  and t h e  r e g r e s s i o n  e q u a t i o n  g e n e r a t e d  was used  t o  d e f i n e  t h e  i n  v i t r o  
f e r m e n t a b l e  d r y  m a t t e r  (IVFDM) of AHWP and c o r n  g r a i n .  
Experiment 11. S i x  y e a r l i n g  beef  h e i f e r s  of mixed b r e e d i n g  were  grouped as 
l a r g e  framed and small framed t y p e s  and a s s i g n e d  t o  d i e t s  c o n t a i n i n g  0. 30 o r  60% 
AHWP. The o b j e c t i v e  w a s  t o  de te rmine  i f  t h e  m a t e r i a l  would b e  consumed and i f  i t  
had any d e t r i m e n t a l  e f f e c t s  on bov ine  h e a l t h  o r  performance.  
Diets shown i n  t a b l e  2  g r a d u a l l y  r e p l a c e d  a s t a n d a r d  maintenance d i e t  o v e r  a  
4-day p e r i o d .  During a d a p t a t i o n ,  d r y  matter i n t a k e  was main ta ined  a t  5  
kg*hd- l -d - l .  On t h e  f i f t h  day d r y  matter o f f e r e d  w a s  i n c r e a s e d  .75 kg d a i l y  
u n t i l  f e e d  was r e f u s e d .  O r t s  were  removed d a i l y  when n e c e s s a r y  t o  a s s u r e  f r e s h  
f e e d  was a v a i l a b l e .  T h i s  regimen w a s  fo l lowed  f o r  28 days.  I n i t i a l  and f i n a l  
w e i g h t s  of h e i f e r s  were  t aken  i n  t h e  morning b e f o r e  feed ing .  
Experiment 111. S i x t e e n  S i x t e e n  c r o s s b r e d  w e t h e r  lambs were  used  t o  
de te rmine  t h e  e f f e c t s  of i n c r e a s i n g  p r o p o r t i o n s  of AHWP on i n  v i v o  d r y  m a t t e r  
- -  - 
d i g e s t i b i l i t y .  Lambs p r e v i o u s l y  t r e a t e d  f o r  i n t e r n a l  and e x t e r n a l  p a r a s i t e s .  
r e c e i v e d  i n j e c t a b l e  v i t a m i n s  A, D and E and were  group f e d  a maintenance d i e t  
( t a b l e  3 ) .  
Treatments  i n c l u d e d  a c o n t r o l  d i e t  and t h r e e  d i e t s  i n  which AHWP r e p l a c e d  
15.  30  o r  45% of t h e  c o r n  i n  t h e  c o n t r o l  d i e t  ( t a b l e  4 ) .  Four  i n d i v i d u a l l y  f e d  
lambs were  a s s i g n e d  t o  each  d i e t .  S u b s t i t u t i o n  of test  d i e t  f o r  t h e  maintenance 
d i e t  o c c u r r e d  o v e r  a 4-day p e r i o d .  Lambs were  f e d  t e s t  d i e t s  (750 g)  f o r  11 days  
i n c l u d i n g  4  days  i n  metabol ism s t a l l s  b e f o r e  t h e  d i g e s t i o n  s t u d y  began. Feces 
and u r i n e  were  c o l l e c t e d  f o r  4  days.  I n t a k e  was t h e n  r a i s e d  t o  1000 g*hd-l .d- l .  
ma in ta ined  f o r  3  days  and was fol lowed by a second 4-day p e r i o d  of u r i n e  and 
f e c e s  c o l l e c t i o n .  
F e c a l  samples were  pooled w i t h i n  each  4-day c o l l e c t i o n  p e r i o d  f o r  e a c h  lamb 
and s t o r e d  a t  20 C. At t h e  end of t h e  c o l l e c t i o n  p e r i o d  f e c e s  w e r e  mixed w e l l .  
subsampled. d r i e d  and ground th rough  a  1 rnm s c r e e n  f o r  d e t e r m i n a t i o n  of d r y  
matter (DM), n i t r o g e n  (N) and a c i d  d e t e r g e n t  f i b e r  (ADF) c o n t e n t .  
U r i n e  o u t p u t  w a s  c o l l e c t e d  i n  a v e s s e l  c o n t a i n i n g  100 m l  of  30% HC1 s o l u t i o n  
( v / v )  . U r i n e  o u t p u t  of <I000  m l  was d i l u t e d  t o  1000 m l  w i t h  d e i o n i z e d  w a t e r  t o  
avo id  p o s s i b l e  p r e c i p i t a t e  format ion.  Subsamples (10%) of u r i n e  o u t p u t  were  
pooled d u r i n g  e a c h  4-day c o l l e c t i o n  p e r i o d  f o r  e a c h  lamb and s t o r e d  a t  20 C. 
Feed and f e c e s  were  d r i e d  i n  a f o r c e d  d r a f t  oven a t  1000 C f o r  36 hours  f o r  
DM d e t e r m i n a t i o n .  
Ni t rogen  c o n t e n t  of u r i n e ,  f e e d  and f e c e s  was determined by t h e  K j e l d a h l  
method. Acid d e t e r g e n t  f i b e r  c o n t e n t  of f e e d  and f e c e s  was determined a s  
d e s c r i b e d  by Goering and Van S o e s t  (1970).  
There were  no d i f f e r e n c e s  i n  v a r i a b l e s  measured a t t r i b u t a b l e  t o  c o l l e c t i o n  
p e r i o d  and no pe r i od  x  d i e t  i n t e r a c t i o n s  e x i s t e d .  There fore ,  p e r i o d  v a l u e s  were 
pooled and d a t a  analyzed a s  a  complete ly  random d e s i g n  exper iment  w i t h  
subsamples . 
Experiment I V .  To de te rmine  t h e  f eed  v a l u e  of  N added t o  AHWP a s  ammonium 
hydroxide,  d i e t s  were  fo rmula ted  t o  c o n t a i n  40% AHWP and 12 ,  1 4  o r  16% c rude  
p r o t e i n .  A c o n t r o l  d i e t  con t a in ing  no AHWP and 12% crude  p r o t e i n  was used f o r  
comparisons.  These d i e t s  ( t a b l e  5 )  were f ed  t o  20 wether  lambs p r ev ious ly  group 
f ed  a  maintenance d i e t  ( t a b l e  3 )  f o r  30 days  t o  minimize animal  d i f f e r e n c e s .  
Lambs were s e p a r a t e d  i n t o  f i v e  groups based  on weight  and one lamb from each  
of t h e s e  groups was randomly s e l e c t e d  f o r  assignment t o  a  d i e t a r y  t r e a tmen t .  
These d i e t s  were i n d i v i d u a l l y  f ed  t o  lambs once d a i l y  f o r  30 days,  i n c l u d i n g  
5  days  a d a p t a t i o n  t o  metabolism cages .  
Ni t rogen  ba l ance  c o l l e c t i o n s  were made o v e r  two consecu t i ve  4-day pe r i ods .  
Urine was c o l l e c t e d  i n  a c i d ,  d i l u t e d  when nece s sa ry  and subsamples were  pooled a s  
d e s c r i b e d  f o r  Experiment 111. A sample of  e ach  4-day composi te  was t h e n  f r o z e n  
f o r  subsequent  a n a l y s i s .  Feces were pooled f o r  4  days ,  mixed and subsampled. 
Th i s  subsample w a s  d r i e d  i n  a fo r ced  d r a f t  oven a t  650 C f o r  48 hours  t o  
de te rmine  DM c o n t e n t  and t o  f a c i l i t a t e  handl ing .  
D r y  g r a i n  p o r t i o n s  of each  d i e t  were  premixed i n  q u a n t i t i e s  s u f f i c i e n t  t o  
complete  t h e  experiment.  Th i s  premix was mixed w i t h  AHWP d a i l y  t o  a s s u r e  f e e d  
q u a l i t y .  During t h e  c o l l e c t i o n  pe r i od ,  730 g  d i e t  DM were  o f f e r e d  d a i l y .  
Re fusa l s  were  weighed back and inc luded  as p a r t  of t h e  730 g o f f e r e d  a t  t h e  n e x t  
f e ed ing  t o  minimize o r t s .  
Data were  ana lyzed  as a  complete ly  random des ign  w i t h  d i e t  and r e p l i c a t e  as 
main e f f e c t s  and r e p l i c a t e  w i t h i n  d i e t  v a r i a n c e  used as t h e  e r r o r  term. 
Comparisons were made as fo l lows :  (1 )  c o n t r o l  v s  d i e t s  c o n t a i n i n g  AHWP; (2 )  1 2  
v s  1 4  v s  16% crude  p r o t e i n  d i e t s  compared by l i n e a r  c o n t r a s t ;  and (3 )  l i n e a r  and 
q u a d r a t i c  response  t o  c rude  p r o t e i n  only when d i e t s  con t a ined  AHWP. 
Experiment V. Ten lambs t h a t  had been used i n  t h e  p r ev ious  exper iment  were  
used t o  de te rmine  e f f e c t s  of s u s t a i n e d  f eed ing  of d i e t s  c o n t a i n i n g  AHWP and 
sawdust on d r y  m a t t e r  i n t a k e ,  average  d a i l y  g a i n  and d i g e s t i v e  organ i n t e g r i t y .  
Four lambs were  f e d  a  t y p i c a l  lamb d i e t .  The remaining six lambs were f e d  a d i e t  
c o n t a i n i n g  40% AHWP and 20% sawdust. The composi t ion of  e ach  d i e t  i s  shown i n  
t a b l e  6 .  The amount of c o n t r o l  d i e t  o f f e r e d  d a i l y  was r e s t r i c t e d  t o  t h e  mean 
i n t a k e  of lambs on t h e  exper imenta l  d i e t .  
Average d a i l y  g a i n  and d a i l y  i n d i v i d u a l  feed  i n t a k e  were monitored f o r  
45 days. One lamb r e c e i v i n g  t h e  c o n t r o l  d i e t  and f o u r  lambs f e d  t h e  exper imenta l  
d i e t  were  main ta ined  on t h e s e  same d i e t s  f o r  an a d d i t i o n a l  1 8  days  b e f o r e  
s l a u g h t e r .  Gross examinat ions  of t h e  g a s t r o i n t e s t i n a l  t r a c t  and i n t e r n a l  o rgans  
of t h e s e  f i v e  lambs were made and t i s s u e  samples from t h e  proximal duodenum, 
d i s t a l  i leum, k idney  and pancreas  were  submi t ted  f o r  h i s t o l o g i c a l  examinat ion.  
R e s u l t s  and Discuss ion  
Experiment I. Regress ion  a n a l y s i s  of t h e  i n  v i t r o  fe rmentab le  d r y  m a t t e r  
(IVFDM) d a t a  i n d i c a t e d  t h a t  v a l u e s  f o r  corn  and AHWP were 83% and 35.1%. 
r e spec t ive ly .  The depress ion  i n  IVFDM a s  AHWP content  of s u b s t r a t e  increased  was 
l i n e a r  (P<.05; t a b l e  7 ) .  
Lab a n a l y s i s  ( t a b l e  1 )  i nd ica t ed  t h a t  t h e  AHWP was s t i l l  p r imar i ly  a f i b r o u s  
ma te r i a l .  Resul t s  of t h e  i n  v i t r o  fe rmenta t ion  suggest  t h a t  t h e  product i s  
slowly degraded by ruminal microbes and t h a t  use a s  an energy source may be  
l imi t ed .  
Experiment 11. This  t r i a l  was i n i t i a l l y  at tempted w i t h  d i e t s  conta in ing  0. 
40 and 80% AHWP. but  h e i f e r s  re fused  t o  consume t h e  80% AHWP d i e t .  Adaptat ion t o  
t h e  30 and 60% AHWP d i e t s  was slow. In t ake  of t h e  60% AHWP d i e t  remained 
markedly lower than t h e  c o n t r o l  d i e t  ( t a b l e  8 ) .  The depressed weight  ga in  
observed when feeding  60% AHWP was probably due t o  t h e  reduced feed  i n t a k e ,  s i n c e  
no de t r imen ta l  e f f e c t s  on animal h e a l t h  and comfort were observed. 
Experiment 111. U t i l i z a t i o n  of N i n  AHWP was no t  known when t h i s  t r i a l  was 
conducted. To avoid crude p r o t e i n  l i m i t a t i o n s  on dry ma t t e r  i n t a k e  and d i e t  
d i g e s t i b i l i t y ,  a h igh  l e v e l  of soybean meal was included i n  each d i e t .  
I n t ake  of t h e  d i e t  conta in ing  45% AHWP was low and forced  r e s t r i c t i o n  t o  800 
o r  1000 g dry ma t t e r  o f f e red  hd-led-1. This  l e v e l  was s l i g h t l y  above maintenance 
and a l l  lambs maintained a p o s i t i v e  weight balance wh i l e  housed i n  t h e  metabolism 
s t a l l s .  
Apparent d i g e s t i o n  c o e f f i c i e n t s  a r e  shown i n  t a b l e  9. Dry ma t t e r ,  crude 
p r o t e i n  and ADF d i g e s t i b i l i t y  were depressed when 30% AHWP was included i n  t h e  
d i e t .  The p ropor t ion  of d i g e s t i b l e  N r e t a ined  was a l s o  lower. Poor d i e t  
d i g e s t i b i l i t y  probably r e s u l t e d  i n  inadequate  energy f o r  u t i l i z i n g  a l l  of t h e  N 
absorbed r e l a t i v e  t o  t h e  o t h e r  d i e t s .  
Crude p r o t e i n  d i g e s t i b i l i t y  was c l o s e l y  t i e d  t o  DM d i g e s t i b i l i t y .  
Apparently t h e  nonprotein N i n  t h e  AHWP i s  t i g h t l y  bound and r e l eased  only when 
d i g e s t i o n  of t h e  AHWP occurs.  
Coe f f i c i en t s  of d i g e s t i o n  f o r  a l l  v a r i a b l e s  were s i m i l a r  t o  o r  g r e a t e r  than  
those  f o r  t h e  c o n t r o l  d i e t  when 45% AHWP was fed.  I t  i s  p o s s i b l e  t h a t  t h e  
depressed u t i l i z a t i o n  of d i e t s  conta in ing  15 o r  30% AHWP may have been a response 
t o  r0ughage:concentrate l e v e l s  i n  t h e  d i e t .  There appear  t o  be nega t ive  
a s s o c i a t i v e  e f f e c t s  on d i g e s t i b i l i t y ,  e s p e c i a l l y  f i b e r  f r a c t i o n s ,  when d i e t s  
con ta in  r a t i o s  of 30:70 t o  70:30 roughage t o  concentrate .  I n  t h i s  s tudy,  i f  AHWP 
i s  considered a roughage, d i e t s  conta in ing  0. 15. 30 o r  45% AHWP would have 
r0ughage:concentrate r a t i o s  of 30:70, 45:55 and 75:25, r e spec t ive ly .  D i e t s  15 
and 30 then  f a l l  i n t o  t h e  range of r a t i o s  t h a t  may have t h e  poores t  f i b e r  
d i g e s t i o n  c o e f f i c i e n t s ,  a s  was a c t u a l l y  t h e  s i t u a t i o n  ( t a b l e  9 ) .  
r 
These d a t a  suggest  t h a t  t h e  g r e a t e s t  u t i l i z a t i o n  of AHWP may be obta ined  by 
i n c l u s i o n  i n  high forage  d i e t s .  Fu r the r  eva lua t ion  w i t h  h igher  fo rage  d i e t s  
would be  necessary t o  v e r i f y  t h i s  r e l a t i o n s h i p .  
Experiment I V .  Supplemental Supplemental crude p r o t e i n  appears  c r i t i c a l  
when feeding  AHWP. An i n i t i a l  e f f o r t  t o  feed a d i e t  formulated t o  con ta in  10% 
- 
crude p r o t e i n  was unsuccessful .  The crude p r o t e i n  of AHWP (11.75%) used i n  t h i s  
t r i a l  was lower than  t h e  i n i t i a l  product,  r e s u l t i n g  i n  8.7% CP d i e t .  Crude 
p r o t e i n  l e v e l s  t h i s  low can depress  i n t a k e  b u t  should not  r e s u l t  i n  t h e  complete 
feed  r e f u s a l s  encountered.  The ove re s t ima t i on  of AHWP crude  p r o t e i n  c o n t e n t  
caused an ove re s t ima t i on  of d i e t a r y  c rude  p r o t e i n  f o r  each  t r e a tmen t  used i n  t h i s  
t r i a l  b u t  d i d  n o t  a f f e c t  ou r  a b i l i t y  t o  e s t a b l i s h  t h e  n u t r i t i v e  v a l u e  of AHWP 
n i t r ogen .  
I n c r e a s i n g  c rude  p r o t e i n .  had a  marked e f f e c t  on DM i n t a k e  ( t a b l e  1 0 ) .  Lambs 
were o f f e r e d  730 g DM d a i l y ,  b u t  a t  lower  c rude  p r o t e i n  i n t a k e s  s i g n i f i c a n t  
r e f u s a l s  were recorded.  Lowered i n t a k e  a s s o c i a t e d  w i t h  d i e t s  12  and 14  was 
a p p a r e n t l y  n o t  r e l a t e d  t o  DM d i g e s t i b i l i t y  s i n c e  a l l  d i e t s  c o n t a i n i n g  AHWP had 
s i m i l a r  DM d i g e s t i b i l i t y  c o e f f i c i e n t s .  
Ni t rogen d ige s t ed ,  n i t r o g e n  r e t a i n e d  and N r e t a i n e d  a s  a  f r a c t i o n  of N 
. d i g e s t e d  were  lower  f o r  d i e t s  c o n t a i n i n g  AHWP. Ni t rogen  d i g e s t i b i l i t y  was a l s o  
lower f o r  d i e t  12  than  f o r  d i e t  14.  When cons ide r i ng  only d i e t s  c o n t a i n i n g  AHWP. 
supplemental  c rude  p r o t e i n  caused a l i n e a r  i n c r e a s e  i n  d ry  m a t t e r  i n t a k e  (P< .01) ,  
N d i g e s t i b i l i t y  (PC. 001) and N r e t e n t i o n  (PC ,051 . 
By r e g r e s s i n g  t h e  percen tage  supplemental  c rude  p r o t e i n  i n  e ach  d i e t  a g a i n s t  
N r e t e n t i o n ,  we can p r e d i c t  how much supplemental  c rude  p r o t e i n  would b e  
nece s sa ry  t o  o b t a i n  N r e t e n t i o n  v a l u e s  similar t o  t h e  c o n t r o l  d i e t .  Th is  
p r e d i c t i v e  r e l a t i o n s h i p  i n d i c a t e d  t h a t  AHWP d i e t s  must c o n t a i n  12.7% crude  
p r o t e i n  from supplemental  sou rce s  t o  cause a similar amount of  N r e t e n t i o n  as t h e  
c o n t r o l s .  S ince  t h e  c o n t r o l  d i e t  con ta ined  11.9% crude  p r o t e i n ,  t h i s  v a l u e  
i n d i c a t e s  t h a t  t h e  N con t a ined  i n  t h e  AHWP had no n u t r i t i v e  va lue .  
Serum u r e a  N c o n c e n t r a t i o n s  were  low f o r  d i e t s  c o n t a i n i n g  AHWP, i n d i c a t i n g  
ruminal  ammonia N and N a v a i l a b i l i t y  were  l i m i t i n g .  Serum u r e a  N responded t o  
supplemental  c rude  p r o t e i n  i n  a l i n e a r  f a s h i o n  (PC.05) b u t  neve r  reached l e v e l s  
found when t h e  c o n t r o l  d i e t  w a s  fed.  
Experiment V. Lambs Lambs were  r e l u c t a n t  t o  consume d i e t s  a t  l e v e l s  
nece s sa ry  f o r  growth ( t a b l e  1 1 ) .  Mean d r y  m a t t e r  i n t a k e s  were  on ly  s l i g h t l y  
g r e a t e r  t han  2% of body weight  and were  n o t  s u f f i c i e n t  t o  ma in t a in  body weight .  
Over t h e  45-day f eed ing  pe r i od ,  l i v e  weight  of lambs f ed  t h e  AHWP-sawdust d i e t s  
decreased  from 35 t o  31 kg. Cont ro l  lambs f e d  a s i m i l a r  amount of d r y  m a t t e r  
ga ined  1 . 8  kg du r ing  t h i s  pe r iod .  
These d i e t s  were  h igh  i n  c rude  p r o t e i n  (13%) b u t  i nc luded  on ly  approximately  
8.3% u n i t s  as supplemental  c rude  p r o t e i n .  R e s u l t s  of Experiment I V ,  which were  
n o t  a v a i l a b l e  when t h i s  t r i a l  w a s  i n i t i a t e d ,  would i n d i c a t e  t h a t  h i g h e r  l e v e l s  of 
c rude  p r o t e i n  would b e  nece s sa ry  t o  i n c r e a s e  d ry  m a t t e r  i n t a k e .  
A t  s l a u g h t e r  t h e  rumen of lambs f e d  AHWP d i e t s  d i f f e r e d  i n  appearance from 
t h e  c o n t r o l  lamb. The rumen of lambs f e d  AHWP were  f u l l  of wool. Wool b i t i n g  
w a s  n o t  s e v e r e  s i n c e  lambs were i n d v i d u a l l y  penned, b u t  i t  obvious ly  occur red  and 
may r e f l e c t  a need f o r  a d d i t i o n a l  d i e t a r y  c rude  p r o t e i n .  The rumen e p i t h e l i a l  
t i s s u e  was blackened which i s  observed w i t h  some o t h e r  f e e d s t u f f s .  P a p i l l a e  
d iamete r ,  however, w a s  d r a m a t i c a l l y  reduced, and l e n g t h  and d e n s i t y  of p a p i l l a e  
appeared reduced compared t o  normal t i s s u e .  
H i s t o l o g i c a l  examinat ion r e f l e c t e d  t h a t  b l u n t i n g  of i n t e s t i n a l  v i l l i  
occur red  i n  two i n d i v i d u a l s  and was perhaps  t h e  only lower  g u t  a b e r r a t i o n  t h a t  
might b e  a t t r i b u t e d  t o  AHWP feed ing .  Case number 5  w a s  t h e  c o n t r o l  lamb inc luded  
i n  t h e  s l a u g h t e r  comparison. 
Conclusions 
Chemical a n a l y s i s  i n d i c a t e s  t h a t  t rea tments  used t o  prepare  t h e  a c i d  
hydrolyzed wood pulp product have no t  s i g n i f i c a n t l y  reduced t h e  l i g n i n  and f i b e r  
components when compared t o  raw aspen sawdust. The procedure d id  reduce t h e  
sawdust t o  a  p a s t e  form t h a t  was d i f f i c u l t  t o  handle and should b e  blended w i t h  
some type of l a r g e  p a r t i c l e  s i z e  dry  m a t e r i a l  t o  become manageable. We s t o r e d  
t h e  product under r e f r i g e r a t i o n  a t  20 C, bu t  found it has a  long  s h e l f  l i f e  when 
s t o r e d  a t  350 C. 
The h igh  a c i d i t y  of t h e  i n i t i a l  product would be  very  c o r r o s i v e  t o  feed  
handl ing equipment. Buffer ing  t h e  m a t e r i a l  w i t h  ammonium hydroxide reduced 
a c i d i t y  and d id  not  r e s u l t  i n  any d e t e c t a b l e  ammonia odor. Apparently t h e  
n i t r o g e n  added a s  ammonium hydroxide has complexed w i t h  t h e  pa ren t  m a t e r i a l  i n  a  
very  s t a b l e  form. Diges t ion  of t h i s  n i t r o g e n  appeared l i m i t e d  and i t  possessed 
no n u t r i t i v e  value.  Dry ma t t e r  i n t a k e  responses would a l s o  i n d i c a t e  t h a t  t h e  
n i t r o g e n  content  of AHWP should no t  be considered when formula t ing  d i e t s .  
The q u a d r a t i c  response i n  dry mat te r  and p a r t i c u l a r l y  a c i d  de t e rgen t  f i b e r  
d i g e s t i b i l i t y  observed i n  Experiment I11 sugges ts  t h i s  f e e d s t u f f  may be  more 
va luab le  when added t o  h igh  roughage d i e t s .  Negative a s s o c i a t i v e  e f f e c t s  and 
inadequate  crude p r o t e i n  supplementation may have masked t h e  f u l l  p o t e n t i a l  of 
t h i s  m a t e r i a l  i n  ruminant d i e t s  i n  t hese  t r i a l s .  
TABLE 1. COMPOSITION OF ACID HYDROLYZED WOOD PRODUCT 
- - - 
~ r y  ma t t e r  b a s i s ,  %? 
Crude p r o t e i n  
Acid de t e rgen t  f i b e r  
Neut ra l  de t e rgen t  f i b e r  
To ta l  sugars .  i n v e r t  
L ignin  
Dry ma t t e r a  
pH 
a A s  i s  b a s i s .  
TABLE 2. DIETS USED TO EVALUATE AHWP EFFECTS ON 
INTAKE BY HEIFERSa 
~ r e a t m e n t b  
Item 0 3 0 60 
Cracked co rn  
AHWP 
Corn cobs 
Soybean meal. 44% 
Dicalc ium phosphate  
Limes t one  
Trace  mine ra l  s a l t c  ' . 
Potass ium c h l o r i d e  
Crude p r o t e i n  
a A l l  v a l u e s  expressed  a s  a pe r cen t age  of d i e t  d ry  ma t t e r .  
Treatment r e f e r s  t o  pe r cen t age  a c i d  hydrolyzed wood p u l p  
i n  t h e  d i e t .  
Conta ins  >94.5% NaC1. .007% I. .240% Mn. .240% Fe. .050% 
Mg. .032% Cu. .011% Co. .032% Zn. < .600% Ca. 
TABLE 3.  FEEDER LAMB RECEIVING DIETa 
Item 2 
Corn cobs 
Cracked corn  
Dehydrated a l f a l f a  
Soybean meal. 44% 
Dried molasses  
Trace  mine ra l  s a l t b  
Dicalc ium phosphate  
Crude p r o t e i n  
ME. Mcal/kg 
a Pe rcen t  d r y  m a t t e r  b a s i s .  
Conta ins  >94.5% NaC1. .007% I. .240% Mn. 
.240% Fe. .050% Mg. .032% Cu. .011% Co. .032% 
Zn. < .600% Ca. 
TABLE 4. DIETS USED TO EVALUATE AHWP DRY MATTER 
DIGESTIBILITY I N  EXPERIMENT I11 
D i e t  
I n g r e d i e n t a  0 15 30  45 
Soybean meal,  44% 
Corn cobs  
Cracked c o r n  
AHWP 
Limestone 
Trace  m i n e r a l  s a l t b  
D r y  m a t t e r  
Crude p r o t e i n  
Acid d e t e r g e n t  f i b e r  
a P e r c e n t  of d i e t  d r y  matter. 
C o n t a i n s  >94.5% NaC1.  .007% I, .240% Mn, .240% Pe. .050% Mg, -032% Cu, .011% 
Co, .032% Zn, < .600% Ca. 
TABLE 5 .  NITROGEN UTILIZATION STUDY DIETS, EXPERIMENT I V  
D i e t  
I n g r e d i e n t a  1 2  1 4  16 C o n t r o l  
AMWP 
Corn cobs  
Soybean meal,  44% 
Cracked c o r n  
Potass ium c h l o r i d e  
Dicalc ium phospha te  
T r a c e  m i n e r a l  mixb 
Limestone 
Crude p r o t e i n ,  % 
Mois tu re ,  % 
a P e r c e n t  d r y  matter b a s i s .  
b C o n t a i n s  >94.5% Mcal, .007% I, .240% Mn, .240% Pe, .050% Mg, .032% Cu, .011% 
Co, .032% Zn, < .600% Ca. 
TABLE 6. DIETS USED FOR DRY MATTER INTAKE COMPARISON, 
EXPERIMENT V 




Cracked co rn  
Soybean meal. 44% 
A 1  f a 1  f a  
Corn s t a r c h  
Limestone 
Dicalc ium phosphate  
Potass ium c h l o r i d e  
Trace mine ra l i z ed  s a l t b  
Crude p r o t e i n  
a Pe rcen t  d ry  m a t t e r  b a s i s .  
Conta ins  >94.5% Mcal. .007% I. .240% Mn. .240% Fe. 
-050% Mg. .032% Cu. .011% Co. .032% Zn, < .600% Ca. 
TABLE 7 .  I N  VITRO FERMENTABLE DRY MATTER OF ACID 
HYDROLYZED WOOD PULP AND CORN MIXTURES. 
EXPERIMENT I 
Mean v a l u e s  Regress ion  








Y = 83.09 - .48X 
r 2  = .87 
Y = IVFDM 
X = % A H W P  
a Treatment r e f e r s  t o  pe r cen t age  a c i d  hydrolyzed wood 
~ " l g  
Adjacent  means i n  t h e  same column d i f f e r  (P< .05) .  
TABLE 8. INTAKE BY BEEF HEIFERS OF DIETS CONTAINING ACID 
HYDROLYZED WOOD PULP, EXPERIMENT I I 
Treatments 
Item 0 30 60 
I n i t i a l  weight ,  kg 361 336 350 
F i n a l  weight ,  kg 41 3 3 93 3 7 1 
Average d a i l y  ga in ,  kg 1.85 2.00 -76 
Daily dry ma t t e r  i n t a k e ,  
kg hd-1 d-1 7.87 9.65 6.30 
Feed/gain 4.26 4.88 8.29 
Dry ma t t e r  i n t a k e  f o r  
l a s t  7 d, 
kg hd'l d-1 9.73 9.90 6.10 
a Treatment r e f e r s  t o  percentage a c i d  hydrolyzed wood pulp i n  
t h e  d i e t .  
TABLE 9. MEAN VALUES OF DRY MATTER INTAKE, DIGESTIBILITIES 
OF DRY MATTER CRUDE PROTEIN AND ACID DETERGENT FIBER 
AND NITROGEN RETENTION, EXPERIMENT I11 
Apparent d i g e s t i b i l i t  
Dry Crude A c i d 5 e t e r g e n t  ~ i t r o ~ e n b  
Die t a  ma t t e r  p r o t e i n  f i b e r  r e t e n t i o n  
0 76.5C 81.7 49.5 85.4 
15 69.3 78.2d 35.2 81.9'3 
30 65.6C 75.2C 33. OC 75.6C 
45 78.5 85.3 73.4 83.7 
SEM 3.5 7.1 5.6 3.5 
a Die t  r e f e r s  t o  percentage a c i d  hydrolyzed wood pulp. 
(Nitrogen r e t e n t i o n  + N d iges t ed )  x 100. 
c ,d  Adjacent means i n  t h e  same column d i f f e r  (cP<.05; 
d ~ <  . l o ) .  
TABLE 10. NITROGEN BALANCE OF LAMBS FED AHWP AND INCREASING 
LEVELS OF CRUDE PROTEIN, EXPERIMENT I V a  
I tem Cont ro l  1 2  1 4  16 SEM 
Dry m a t t e r  i n t a k e .  
g . hd-1. d-1 73 .ob 517C 621 715 3 6 
Dry m a t t e r ,  
d i g e s t i b i l i t y .  % 74.9d 67 .O 65.3 65.3 1.58 
Ni t rogen  i n t a k e .  
g . hd-1. d-1 55.8 31.7 47.9 61.7 2.1 
Ni t rogen  
d i g e s t i b i l i t y .  % 71.7d 58.7e 65 -1 68.6 1 .O 
Ni t rogen  r e t e n t i o n .  
g . hd-1 d-1 24.4d 5.5 10.3 15.0 - 6  
Ni t rogen  r e t a i n e d :  
n i t r o g e n  d ige s t ed .  % 60.6d 28.4f 32.4 35 .O 6.2 
Serum u r e a  n i t r o g e n  
mg/ d l  12.4d 5.9f 6.9 9.5 . 8  
a D r y  m a t t e r  b a s i s .  
Cont ro l  d i f f e r s  from d i e t s  con t a in ing  AHWP (P< .05).  
C L i n e a r  e f f e c t  of supplemental  c rude  p r o t e i n  i n  d i e t s  c o n t a i n i n g  AHWP 
(P< .01).  
Cont ro l  d i f f e r s  from d i e t s  c o n t a i n i n g  AHWP (P< .OO1). 
e L i n e a r  e f f e c t  of supplemental  c rude  p r o t e i n  i n  d i e t s  c o n t a i n i n g  AHWP 
(P< .001). 
L i n e a r  e f f e c t  of supplemental  c rude  p r o t e i n  i n  d i e t s  c o n t a i n i n g  AHWP 
(PC .05).  
TABLE 11. PERFORMANCE OF LAMBS FED AHWP BASED DIETS 
AD LIBITUM. EXPERIMENT V a  
Day 
Item 0 17 3 1 45 
W t .  kg  35.2 33.6 34.0 3 1  .l 
A s  f e d  i n t akeb .  g/d -- 1204 1408 1442 
D r y  m a t t e r  i n t akeb .  g/d -- 662 7 7 4 7 93 
Dry m a t t e r  i n t a k e /  
weight .  % -- 1.92 2.29 2.44 
a n = 6 .  
I n t a k e s  i n d i c a t e d  are i n t e r i m  va lue s .  
